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In most cases the whok six determinations 
agree so closely that all the results come easily 
within the limit of error, and the separation into 
the two sets of determinations is purely for the pur- 
pose of comparison. The preceding table shows a 
few of the results of the separate determinations. 

LVe can only conclude that, while ignition of 
meats in a closed muffle causes a loss of phosphorus, 
the ignition in open crucibles with only a moderate 
heat will not cause the loss of an appreciable 
amount of phosphorus. However, as Leavitt and 
LeClerc' have shown, too much care cannot be ex- 
ercised in the digestion of the ash so as to put all the 
phosphorus in a form that will be precipitated by 
the ammonium molybdate. This seems to be 
most surely accornplishe A by the Neumann2 method 
of digestion with equal volume of sulphuric and 
nitric acids; or by long (8 to IO hours) digestion 
with nitrohydrochloric acid. 

Credit is here given Mr. Norman Hendrickson for 
his assistance in the laboratory work. 

COLUMBIA, MISSOURI, J u n e ,  1909 

ANTI-PUTRESCENT EFFECTS OF COPPER. 
By ALFRED SPRINGER, Pn D , ASSISTED BY ALFRED SPRINGER, JR 

Received May 14, 1909 

Following a discussion before the Cincinnati 
Section of the American Chemical Society as to 
whether the peculiar behavior of a certain Cincin- 
nati certified milk, most largely used in that city, 
warranted the suspicion that it contained an 
antiseptic, I started a series of experiments both 
with certified milk and check ones with milk from 
one of my cows, which I watched carefully so it 
could not be tampered with. Under like condi- 
tions these milks behaved with marked difference. 
After niaking several incineration analyses of 
the certified milk, I found a trace of copper therein, 
but its presence was not sufficiently conclusive, 
because the copper chlorides are more or less vola- 
tile, I therefore digested a half liter of certified 
milk with 350 cc. of sulphuric acid in a Kjeldahl 
flask, heating the same without addition of any 
extraneous oxidizers twelve days until i t  had be- 
come practically colorless, then drove off almost 
all of the sulphuric acid. Placing the residue in a 
beaker, after diluting it with water, I electrolyzed 
it. The deposit on the cathode was then dissolved 
in hydrochloric acid, the excess of hydrochloric 
acid driven off, and then dissolved in water. To 
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this was added potassium ferrocyanide and the 
iron and copper ferrocyanide separated by means 
of ammonia. I then filtered out the dissolved 
cupric ferrocyanide, allowed the excess ammonia 
to evapokate, and obtained a decided copper reac- 
tion with every bottle of certified milk I examined, 
although the amounts varied considerably, From 
a half liter of milk the copper and traces of iron 
which always deposited on the cathode hardly 
ever weighed more than two milligrams, but gener- 
ally much less, therefore its exact weight could not 
be estimated. I then made check experiments 
with milk from my cow, but could find no copper, 
although the methods of analysis were exactly 
similar. In  order to convince myself that only 
to the presence of this substance could be attribu- 
ted the strange behavior of certified milk, I started 
a series of experiments first with copper salts, after- 
wards with copper spirals placed in the milk. 
While copper salts have been used for antiseptic 
purposes, their particular application to milk 
have not received proper attention. Provided 
these salts or metallic copper come in contact with 
milk, immediately after milking, most deep-seated 
reactions take place; however, if the milk is allowed 
to stand a very short time and become infected 
with numerous lactic bacteria the cupric salts 
cannot suppress these unless abnormally large 
amounts thereof are used. 

I observed when ammonium hydrate, in quan- 
tities of 0 .  I to 0.15 per cent., is added to milk 
treated with copper salts a reddish brown change of 
color gradually takes place therein and the underlying 
liquid becomes turbid. Where no copper is in 
the milk this change does not take place. This 
reaction is most pronounced and affords a good 
test for the detection of copper in milk. Should, 
however, ammonium hydrate to the extent of 
more than 0.2 per cent. be added, milks with and 
without copper gradually assume the reddish 
brown color, but only those containing copper 
become turbid. The most marked change 
produced by the presence of copper is that the 
milk retains its sweet odor even after the acidity 
contents are sufficiently high to curdle it. The 
niilk then becomes covered with molds and the 
odor becomes decidedly nutty without trace of 
putrescence. 

Having now satisfied myself that the certified 
milk contained copper and having employed meth- 
ods which indubitably proved its presence, I next 
determined to find out where and how i t  was 
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added to the milk in a manner to escape detection 
by the Milk Commission; furthermore, whether i t  
was added with the intention to deceive or whether 
the dairymen were themselves the innocent vic- 
tims of a process they employed. M y  soil, =\lfred 
Springer, Jr.,  assisted me in most of the coming 
experiments and I herew-ith wish to acknowledge 
the services rendered by him. 

Supplying ourselves with some absolutely clean 
broad-mouthed glass-stoppered bottles, we went 
to Lebanon, Aug. Ioth, to inspect the dairy in 
question. We found i t  a model of cleanliness 
in every respect. Having the presence of copper 
uppermost in our minds, we examined the various 
possibilities of its addition. The Star cooler, made 
of tinned copper, was the first apparatus that 
suggested itself as capable of supplying some. 
An examination thereof showed that the tin had 
partly worn off a t  some few places and that the 
filling valves were made of brass. We then fol- 
lowed the steam pipes used for the cleaning of the 
bottles, the sterilization of the pails, the straining 
cloths and the cloths for wiping the udders of the 
animals. The pipes were iron but all of the gate 
valves brass. 

The superintendent accompanied us through the 
dairy and willingly complied with all of our re- 
quests. We asked that several cows be milked 
direct into the bottles we had brought along, so 
that the milk would not come in contact with any 
utensil they had in the building. This was done 
and called raw milk. Then we asked for two 
bottles of milk which, in the usual mode of procedure, 
had only gone through their straining cloth into 
the pails. This we called strained milk. We 
then took two bottles of milk which had passed 
through the Star cooler. All these bottles were 
immediately placed in their ice room, then packed 
in ice and taken to my laboratory; we there sub- 
divided them by running 2j cc. in two-ounce bot- 
tles, leaving some closed in the ice-chest and others 
a t  room temperature. I also made Kjeldahl 
digestions of the three kinds. The strained and 
the certified showed the presence of copper but not 
so the raw, thus proving that  the copper had al- 
ready entered through the straining cloths and 
the pails. The raw milk both in the ice-chest and 
a t  rooni temperature, as indicated by titrations 
with decinormal solutions of sodium hydrate, was 
much better than the strained or the certified. 
Both the strained and certified turned the second 
day at room temperature, the whey separating 

completely, whereas the raw milk remained sweet 
three days and then turned normally. In the 
ice-chest the raw showed great superiority over 
the strained and certified. These experiments 
indicated a most undesirable state of affairs, 
the danger of which cannot be overestimated, 
namely, that even in a dairy, like that a t  Lebanon, 
where all precautions for absolute cleanliness are 
scrupulously followed, a milk taken directly from 
the cow, bottled and iced, should be so much 
superior to others set out from ten to fifteen min- 
utes in the dairy atmosphere. It showed that 
the atmosphere of the dairy was charged with bac- 
teria and spores of molds which quickly found 
their way into the milk. We then determined to 
make a still more crucial test and visited the dairy 
Aug. 18th, first having supplied ourselves with 
perfectly clean bottles, which we brought with us. 
We asked the superintendent to milk six cows, part 
milked direct into the bottles, part through the 
straining cloths into the pails, and the rest sent 
through the Star cooler before any other passed 
over it. Some of the bottles which had been di- 
rectly filled were immediately closed and others 
left open in the dairy fifteen minutes. Further- 
more, we took samples of the condensed steam 
a t  the washing and sterilizing rooms, also of such 
used to sterilize the cooler. The various milks, 
all from the same cows, were taken to my labora- 
tory and subdivided into I j 2  two-ounce bottles 
with a j  cc. in each, some set out open, others 
closed in the ice-chest and a t  room temperature, 
some treated with ammonia, and others left for the 
growth of molds. The results on the charts indi- 
cate that an exceptionally good milk direct from 
the udders of the cow had greatly deteriorated 
during the short exposure before bottling in the 
usual mode of procedure. 

We examined the samples of water and found 
that the first one, condensed a t  the washing room, 
used to sterilize the bottles, pails and cloths. con- 
tained part of the boiler compound mechanically 
carried over and copper. The condensed watnr used 
to sterilize the cooler also showyed the presence of 
copper. We next examined the boiler compound 
used a t  this dairy and, strange to say, found that 
i t  contained copper salts and was really largely 
a t  the bottom of the whole trouble. The priming 
or passage of foam carried this copper over to the 
washing and sterilizing room, thus contaminating 
the cloths, bottles and pails used. 

While no exhaustive experiments have been 
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made to determine whether copper is unsanitary 
in such small amounts as I found in the certified 
milk, the very fact that it changes the normal 
characteristics of the milk should be sufficient for 
its exclusion. In  certified and inspected milk 
dairies the so-called sterilization processes are 
produced by means of live steam. In many of 
these dairies the feed water is hard and the use of 
boiler compounds becomes necessary ; these fre- 
quently prime over even through pipes connected 
with the steam drum. Every ingredient of a 
boiler compound, whatever i t  is, ought be rigidly 
excluded from contaminating the sterilized cloths, 
pails or other apparatus. This can effectually be 
done by interposing a still, fed directly with water, 
and heating it with closed steam from the boiler, 
This still and all pipes leading to the sterilizing 
apparatus should be made of block-tin. 

While examining the certified milk I made quite 
a number of experiments with copper salts. The 
one great fact which always loomed up was that 
they, even in quantities of one part in two mil- 
lions, act as antiseptics to putrescent bacteria. 
Organic matter in solution seldom oxidizes di- 
rectly to its final stage, but  passes through inter- 
mediate conditions whereby the more complex 
forms are broken down. Putrefaction is prac- 
tically limited to the fermentation of albuminoid 
substances, and is largely a hydrolytic change 
caused by the energy of anaerobic organisms, 
while decay results from aerobic microbial ac- 
tivity. 

In  order to test the efficiency of copper salts I 
made the following experiments, keeping check 
ones without the copper: egg albumin and water, 
blood albumin and water, egg albumin, pancreatin 
and water, blood albumin, pancreatin and water ; 
chopped meat in water; eggs placed in cupric sul- 
phate solution; egg and blood albumin with sewage; 
milk with sewage. In every case the copper salts 
displayed either greatly retardative or marked 
inhibitive properties towards the putrefactive bac- 
teria, although in some cases the strength of the 
solution was insufficient to prevent putrefaction 
gradually setting in. It seems to me that this 
property possessed by cupric salts is of great thera- 
peutic value and ought to be carefully studied by 
competent physiologists. 

Diseases owing to the abnormally increased pres- 
ence of putrefactive bacteria are not uncommon, 
and heretofore have not been successfully combated 
by the use of antiseptics. It strikes me that in 

copper salts we have the means of introducing a 
substance powerfully antiseptic towards putre- 
factive bacteria and probably otherwise harmless, 
which could be administered so as to dissoh-e in 
the alkaline mucus, secreted by the intestinal 
glands, while approaching the colon. ,Again the 
antiseptic properties of the copper salts toward 
the sewage bacteria may be of especial benefit 
to the dairymen, since so many dairies are located 
near running streams which, through proximity 
to large cities, are nothing but  open sewers. 

OCTOBER 4, '08. 
Xilk from Springer cow, udders carefully washed, 

milked in the open and direct in the bottles. First 
bottle raw, second bottle contained Miami boiler 
compound I : 2500, third bottle contained copper 
salt, one part copper to 250,000. The bottles were 
kept cold in ice-chest. 

Cold boiler coni- Copper, 
Raw. pound, 1 : 2500. 1 : 250,000. 

Oct. 5 5 .45  5.45 5.45 
'' 6 5 .55  5 .55  5.55 

5 . 6  5 . 6  5 . 6  
8 5 . 7  5 . 8  5 . 8  

I '  9 5 . 5  6 .15  5 . 7  
" 10 5 .85  7 . 4  5 .95  
" 12 1 5 . 7  8 .35  9 . 0 0  
" 13 23 .8  13 .1  18 .3  

23 .5  " 14 26 .5 .  a l l b u t 4  19.5 

" 15 2 7 . 0  21.5 2 5 . 0  
2 6 . 0  " 16 28.0.  allturned 23.0  

#' 17 28 .5  2 4 . 0  27.5 
' I  19 3 3 . 5  29 .5 ,  2 of 5 turned 29.0  
(' 20 33.5  33.5, all turned 3 0 . 2  
" 2 1  3 4 . 0  33.5 3 1  .2  
" 23 3 5 . 0  3 5 . 0  32 . O  
'' 24  3 5 . 8  3 5 . 7  3 2 . 5  
'' 26 3 7 . 1  3 7 . 0  
' l  27 3 7 . 8  3 7 . 7  3 4 . 0  
" 28 38 .5  3 8 . 4  3 5 . 7 ,  half the bottles 

/ /  

turned 

33.0 ,  1 in 15 turned 
1 .  

turned 

NOTES AND CORRESPONDENCE. 

[CONTRIBUTION FROX THE DEPARTMENT OF AGRICULTURAL CHEMISTRY, 
UNIVERSITY O F  MISSOURI.] 

LIMITATIONS OF STARCH AS AN ACCELERATOR. 
BY C. K. FRANCIS. 

I n  the course of several analyses of soils in which the 
sample was mixed with starch and sodium peroxide and 
then fused, it was found that the blank gave practically 
the same percentage of phosphorus as several of the soils. 
This fact ied to an investigation of the starch employed, 
and upon obtaining a positive test, several other samples 
of starches were examined. The method of analysis was to 
digest j grams in HS0,-HCI (30 cc.-IO CC.) to a clear solu- 
tion, cool, dilute Kith water, and then determine phosphorus 
by the gravimetric method. 

The results, with name and source of the starch, are shown 
in the following table 


